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ABSTRACT: The surface of a semiconductor possesses a specific 
property to catalyze many chemical reactions. The 
phenomenon is reduced to the following process: mole- 
cules of reacting gases are absorbed on the surface 
of a semiconductor, then being in the absorbed state 
react with each other, and the reaction products are 
desorbed again. Thus the reaction is transferred 
from the gas phase to the semiconductor surface. 

The problem is why this leads to its substantial ac- 

Card 1/3 celeration (sometimes in tens of thousands of times)? 
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TITLE: On the Problems of Semiconductor Theory in Connection 
with the Catalysis Theory (0 zadachakh, stoyashchikh 
pered teoriyey poluprovodinikov v svyazi s problemoy 

kataliza) 


The other problems awaiting their theoretical clari- 
fication are as follows: 

1. The mechanism of catalytic property of a seni- 
conductor is hidden within the semiconductor itself. 
The problem is to discover this mechanism: 

2, Adsorption in question is @ so-called "khemoso=- 
rbtsiya", chemical adsorption, caused by the forces 
of chemical nature. What is the mechanism of the 
chemical adsorption, that is the mechanism of forming 
a chemical connection between a crystal and 4 gas 
molecule? 

3. What is the origin of the potential barrier on 
the adsorption curve, the origin of the activation 


energy? 
4. Molecules are often dissociated during the 
chemical adsorption. What is the mechanism of this 
Cara 2/3 dissociation? 
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5. The catalytic activity ofppemiconductor essentially 
depends on the character and concentration of admixtures 
contaired_ within its volume. By what a way do admixtures 
so considerably affect chemical processes taking place 

on the semiconductor surface? 

6. Why is the activity of a semiconductor connected 

with the concentration of free electrons and holes 
contained in it? 

These problems have been the subject of theoretical 
investigations in the Catalysis Laboratories of the 
Institute of Physical Chemistry. No references ardcited. 


Institute of Physical Chemistry of the USSR Academy of 
Sciences 


No date 
At the Library of Congress 
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rykh voprosakh poluprovodnikovogo kataliza) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Vol XX1, #2, pp 179-182 
1957, USSR, Seriya fizicheskaya 


ABSTRACT: There are experimental facts which indicate a close 
oorrelation between electronic properties of a semi-~ 
conductor and its catalytio and adsorption qualities. 
Chemical adsorption results in charging the surface of 
a@ semiconductor. Therefore, energetic zones are ‘being 
curved at the surface and the contact potential and 
electric conductivity of a semiconductor can change. 
These changes following adsorption hava been actually 
observed by V. Lyashenko and-I. Stepko. 


The probability for a chemically adsorbed molecule to 

be in a neutral or charged state depenis on the level 

of the chemical potential or the concentration of free 
Card 1/4 electrons and holes in the crystal. , 
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The dependence of the adsorption activity of mercury 
sulfide on its stoichiometric composition and the 

effect of lighting on the adsorption activity point 

out in this direction. Sometimes, however, the lighting 
leads to an opposite effect, i.e. decrease of the 
adsorption activity, as: Terenin and Myasnikov experiments 
showed. 


Another group of facts is concerned with effects of 
admixtures on the semiconductor catalytic activity. 
The latter is characterized by the constant of rate 
K which usually satisfy Arrhenius’ law: 


a ~E/KT 
K=K,e 
where E is activation energy and T is temperature. 


The insertion of an admixture into afsemiconductor 
leads to the change of both@*@tivation energy 5 an 
pre-exponential multiplier Kye 
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TITLE: On Some Problems of Semiconductor Catalysis (O Nekoto- 
rykh voprosakh poluprovodnikovogo kataliza) 


Reaction of ethylene oxidation on catalyzer MgO -Cr,0, 
with admixture of Na,SO0 studied by Krylov and 
Margolis showed that one and the same admixture, and 
used in the same quantity,expedites the reaction at 
low temperatures and dopes the catalyzer, Lo@oy 
inhibits the reaction at high temperatures.» Depending 
on its concentration, one and the same admixture, at 
the same temperature, can either promove 4 reaction or 
inhibit it. 


In the author's opinion, the insertion of admixtures 
changes the concentration of the electronic and hole 
gas ina semiconductor, This concentration determines 
the reaction activity of the molecules adsorbed on the 
semiconductor surface and catalytic activity of the 
molecules. : 


Card 3/4 Theories used at present are of a phenomenological 
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On Some Problems of Semiconductor Catalysis (0 Nekoto- 
rykh voprosakh poluprovodnikovogo kataliza) 


character. The future theory, the electronic catalysis 
theory, is in the beginning phase of its oriyvination., 
The article contains 4 graphs. No references are 
given, 


Institute of Physical Chemistry of the USSR Academy of 
Sciences 


No date 
At the Library of Congress 
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Abstract: 


ASA TE 4% FoF 
USSR/Physical Chemistry ~ Kinetics, Combustion, Explosions, Topo- 
chemistry, Catalysis. Be9 


: Referat. Zhurnal Khimiya, No 2, 1958, 3891. 


F.F. Vol' kenshteyn. 


° | ee 


Some Questions Concerning Semiconductor Catalysis (According 
to Materials of International Catalysis Congress at Philadel- 
phia). 


Uspekhi khimii, 1957, 26, No 6, 659-672. 


No abstract. 
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YOLKENSHTEYN, Fedor F. (Moscow) 


“Powards the Electron Theory of Chemical Absorption in Semi-Conductors,” 
(Plenary lecture). 


report submitted for Annual Meeting Eas German Chemical Society, 28 Oct - 
1 Nov 1958, Leipzig, G.DR. 
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of Chemistry, Belorussian SSR Academy of Sciences, . 


Belorusskoy gsR, 1958. QTL pe 1,100 copies printed. 


Ba.: Yerofreyevs B.Ves Academician, BSSR Academy of Sciences; Tech. Ede: 
VYolokhanovich, Ie 


Institut khimit 


fentific works of the Tnstitute 
6) Minsk, Izd-vo AN 


The pook is jntended for chemists engaged in ressarch in specialized 


fields. 


COVERAGE: The book is & collection of scientific articles dealing with varied 
subjects, such a8 problems in electron theory of semiconductors s catalysis, 
da thermodynemics of some reactions of 8 
organic compounds and reactions of alkyl, aryl, acyl-Oxy radicals in the 
al articles. 


Liquid phase. personalities are mentione 
There are 331 references, of which 215 are Soviet, 75 ‘English, 30 Germen, 
10 French, and 1 Finnish 
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TABLE OF CONTENTS: 


Vol'kenshteyn, F.F. Some Problems in the Electron Theory oP Catalysts 
on Semiconductors 


Yerofeyev, B.V., and V.A. Protashchik, Study of Contact Conditions 
Between Particles of Cobalt Formate and Metallic Cobalt With the 
Aid of the Isotope Co°?, 


Markevich, S.V. Attachments for the MS-2M Mass Spectrometer for 
Studying Gaseous Phase Deuterium Exchange Reactions on Solid Surfaces 


Osinovik, Ye.S. Study of the Formation of Initial Reaction Centers in 
the Induction Period of Thermal Decomposition of Barium Azide 


Mitskevich, N.I., T.I. Soroko, and B.V. Yerofeyev. Conjugated Decarhoxy- 
lation in the Autoxidation of Abietic Acid 


Yerofeyev, BV. and S.F, Naumova, Thermodynamics of Some Reactions of 
’ Organie Sulfur Compounds 
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s0V/30-58-1-34/49 
AUTHOR: Krylov, O« Vos Candidate of Chemicel Sciences 


TITLE: Physics and Physical Chemistry of Catalysis (Fizika i fiziko- 
-Knimiya kataliza) Transactions of the All-Union Conference 
(Vsesoyuznaya konferentsiya) 


PERIODICAL: Vestnik Akademii nauk SSSR, 1958, Nr Te. pee 149 = 122 (USSR) 


ABSTRACT: This conference convened in Moscow between March 20° and 
March 23rd, It was called by the Department of Chemical 
Sciences and the Institute of Physical Chemistry cf the AS 

USSR (Otdeleniye khimicheskikh nauk i Institut fizicheskoy 
khimii Akademii nauk SSSR)kIt was attended by more than 600 
persons from different towns of the Soviet Union ss well as 
from countries of the people's democracies. Nearly 100 re- 
ports were submitted, 78 of which were given to the parti~ 
cipants for discussion. The remainder was read. The follow- 
ing reports were heard: 
1) Seo Ze Roginskiy, (Institute of Phyeical Chemistry, AS USSR), 
spoke about the selective methods concerning semiconductor 


Cares, catalysis. 
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Transactions of the All-Union Conference 


2) ¥. Y. Boldyrev, Tomsk University, used electron repre- 
sentations for the explanation cf the course of topo- 
chemicnl reactions. 

3) No Fe Keyyer, (Institute of Physical Chemistry) AS USSR), 
used electron representations for the clarification of 
the characteristics of heterogeneity of the active sur-~- 
face of semiconductor contacts. 

4) Fo Fe Vol’kensnteyn, V. By Sandomirckiy and Sh. M. Kogan, 
Cinstitute of Physical Chemistry, AS USSR), investigated 
the influence of exposure as well as of an external elec= 
tric field on the absorptive power of a semiconductcr. 

5) A. Ne Terenin spoke about the investigation of the struc- 
ture and the behavior of surface formations in the ¢use 
of adsorption and catalysis. 

6) V. F. Kiselev (Moscow University), dealt with problems 
concerning the elementary act of mtalysis.- 

7) G. K. Boreskov, Physical-Chemical Institute imeni Le Yac 
Karpov (Fiziko-khimicheskiy institut im. L. Ya. Karpova), 
reported on the dependence of the catalytic activity of 
metals on their position in the periodic oyrntem of ele- 


Sarena ments. 
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Vol'kenshteyn, F.F. (Moscow) 30V/74-27-11-2/5 
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A la oD IM 
Present State of the Electron Theory of Catalysis on 


Semiconductors (Sovremennoye sostoyaniye elektronnoy teorii 
kataliza na poluprovodnikakh) 


Uspekhi khimii, 1958, Vol 27, Nr 11, pp 1304-1320 (USSR) 


A short summary of the results of a series of new theoretical 
publications in this field is given. One of the main problems 
treated is: What is the importance of the electron thedry in 
oatalysis on semiconductors. The elestron theory first 
explains the adsorption and desorption mechanisms. The particles 
adsorbed at the surface are regarded as structural defects of 
the surface. Experiment carried out by the author in 1948 (Ref 1). 
The adsorbed particle enters the adsorbing lattice and partici- 
pates in the electron household of the lattice. Two forms can be 
distinguished in the formations on the surface: 1) The "weak" 
chemosorption, particles and centre of adsorption are a whole, 
the particle remains electrically neutral. 2) "Solid" chemosorp-— 
tion, the adsorbed particle has a free electron (donor) or an 
electronic vacancy (acceptor). The two latter bonds may de of pure- 
ly ionic or purely homeopolar or also of mixed nature according 
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to the nature of the adsorbent, and the adsorbate. The chemical- 
ly adsorbed particles i.e. the "solid" ones meet with other chemo- 
sorbed particles or particles from the air and may enter in reac-— 
tion with them. Their appearance on the surface is responsible of 
the catalytic process. The "weak" binding is based on the concept 
of a couple of free valencies migrating on the surface, The re- 
moval of one of the 2 bindings leads to a "solid" acceptor or 
donor binding. All transitions from one type of binding into the 
other are possible. The probability that a certain number of 
particles is in one of these bindings is influenced by the posi- 
tion of the Fermi level. The Fermi level is the length of the 
distance between the zone of valencies and the zone of conduc-— 
tivity in the semiconductor. The position of the Fermi level thus 
defines the reaction velocity (the Fermi level enters the energy 
of activation as term of a sum). Boreskov and Popovskiy (Ref 12) 
observed and investigated experimentally this dependence of the 
Fermi level. Thus, the position of the Ferni level also determines 
. the catalytic activity. 1950 Vol'kenshteyn, finally also Boudart 
Card=aA4 (Ref 15) and Hauffe (Ref 16). The Fermi level proved to be the 
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key for controlling the catalytic activity on semiconductors. 

The "golid'' acceptor binding causes 4 change of the potential of 
the surface and a compensation layer of the screening length 1 
closely below. This changes the conductivity and thus also the 
yield of catalysis. Sandomirskly (Ref 18) theoretically in- 
vestigated these dependences, Gray (Ref 19), Heiland (Ref 20), 
Lyashenko, Stepko (Ref 21) as well as a number of foreign authors 
carried out also experimental investigaticns. They are known under 
the term of "marginal layer theory of adserption". Tne position of 
the Fermi level on the surface also depencs on its position in the 
interior of the semiconductor. This makes again possible a direct- 
ing of the catalytic properties except in the case of a quasi-isc- 
lated state. On the surface a sufficient density of structural 
defects predominates. Catalytic activity increases in acceptor re- 
actions, conductivity, however, decreases - vice versa in donor 
reactions. Adsorbability changes only with the pressure in the ex-— 
terior space. Also the photoelectric effect cannot change the elec- 
trons or the electronic vacancy concentration. By the Fermi level 
the semiconductors prove +o belong, according to their properties 
of adsorption and catalysis, to the crystals. There are 13 figures 
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TITLE: The Charging of a Semiconductor Surface During Adsorption 
(0 zaryazhenii poverkhnosti poluprovodnika pri adsorbtsii) 


PERIODICAL: Zhurnal fizicheskoy kKhimii, 1958, Yol 32, Nr 10, 
pp 2383 - 2391 (USSR) 


ABSTRACT: A representation of the adsorbed particles as Wine 
purities" at the crystal surface was givea by the 
author of this paper in 1948 (Ref 1). Of late a number 

of scientists have dealt with the problem of the 
charging of the surface in chemisorption; there were, 
for instance, Aigrain and Dugas (Egren and Dyuga) 
oy 9), Germain (Zhermen) (Ref 3), and Ergel and Hauffe 
Engel' and Knauffe) (Ref 4)+ In their papers only 
one type of chemisorption is investigated under the 
term "boundary layer theory of adsorption". In the 
present case the charge of the surface is investigated 
taking into account various types of chemisorption. 
4 It is found that the surface charge formed in the 
Card 1/3 chemisorption does not only depend on the nature 
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of the adsorbed particles but also on the character 
of their binding with the surface. The chemisorbed 
particle can be regarded as a structural defect 

which has at the same time a certain affinity to the 
free electron as well as to the free hole (in the 
surface). Two types of chemisorption can ba 
distinguished. The "weak", in which the particle 
adsorbed remains electrically neutral, and the 
"strong" chemosorption in which the particle nas an 
electron. The latter can a) have an acceptor binding 
if the free electron participates in the binding of the 
adsorbed particle, or b) a donor binding wiaere the 
free hole participates in the binding. In the con- 
siderations of the surface charge of various forms 

of chemisorption a paper vy Sh.M.Kogan is mentioned 
which is in publication, as well as an equation 
according to the Fermi statistics. Under the same 
conditions tne various forms of the chemisorption and 
therefore also the resulting electric charyzes of the 
surface depend on the chemical potential o2 the surface. 
The papers by V.B.Sandomirskiy (Refs 12-14) and Y¥.I. 
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. he Charging of a Semiconductor Surface During Adsorztion $07 /76-32-10-22, 3° 
Lyashenko and I.1.Stepko (Ref 15) as well as by S.{Yu. 
Yelovich and L.Ya.Margolis (Ref 18) ore mentioned in 
the connection with the effects caused vy She cnarging 
of the surface. The changes between the function donor 
versus acceptor are explained by the various coexisting 
types of chemisorption on the surface. There are 5 
figures and 18 references, 14 of which are Soviet. 


ASSOCTATION: Akademiya nauk SSSR,Institut fizicheskoy kaimii, Hoskve 
(AS USSR, Institute of Physical Chemistry, sloscow) 


SUBMITTED: May 15, 1957 
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: AUTHORS: Toffe, I. I+» Yol'kenshteyn, F: F. 20-118-4-34/61 
TITLE: The Trend of Contact oxy dation Reactions on 


Semiconducting Catalysts (Benzene oxydation Serving 388 

an Example) 

(K voprosu ° napravienii reaktsii kontaktnoge okigleniya 
na poluprovodnikovykh katalizatorakh (na primere okisleniya 
penzola) ) 


PERIODICAL: Doklady Akademii Neuk sgSR, 1998, Vol- 418, Nr 4s 
PP 147-7150 (USSR) 


ABSTRACT: The authors here examine the phenomena mentioned in the 
title, from the aspect of the theory of catalysis; which 
was aeveloped by F. F. Vol'kenshteyn (reference 5,6,7)- 
Convenient objects for the investigation of the mechanism 
of the process are the gimplest aromatic compounds 
(benzene, naphtalene)s because at them sharply marked 
trends in the Leterogeneous-catalytic and homogeneous 
reactions are observed. The authors suppose that it is 
possible to make various assumptions on the possible 
card 1/4 mechanism of the oxydation of benzene on electron- 
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aifference between these + 
noticeable in case of the 
which form on the surface, 


ypes of semiconductors becomes 
interaction of the compounds, 
with the vagrant (pluzhdat' ) 


free valences of the catalyst. Thus the electrically 
neutral radical which is located on the surface, forms 

on the hole semiconductors, whereas it practically cannot 
form on electron semiconductors. Then the adsorption of a 
benzene molecule with the rupture of a c-C-binding is in- 
vestigated. Also here the process of adsorption leads to 
the production of a positive and of a negative valence on 
the surface of the catalyst, whereon the negative valence 


(hole) remains free and the 


positive valence (electron) 


combines with the benzene molecule, retains it on the 
surface, and transforms it into an electrically charged 
radical. Such an jon radical, which is located on the 
surface, practically forms only on electron gemiconductors, 


put on hole semiconductors. 


The here examined hypothetical 


mechanism is very much schematized, it only shows the way 
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Catalysts (Benzene Oxydation Serving as an Example) 


There are 7 figures, and 15 references, 11 of which are 
Soviet 


ASSOCIATION: Nauchno-issledovatel'skiy institut organicheskikh 
poluproduktov i krasiteley im. Voroshilova 
(Scientific Research Institute for Organic Semiproducts 
and Dyes imeni Voroshilov) 
Institut fizicheskoy khimii Akademii nauk SSSR 
(Institute for Physical Chemistry of the AS USSR) 


PRESENTED: July 8, 1957, by P. A. Rebinder, Member, Academy of 
Sciences USSR 


SUBMITTED: April 24, 1957 


AVAILABLE: Library of Congress 
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AUTHORS: : VYol'kenshteyn, ©- Fes Sandomirsxiy, V- B. 


TITLE: he Influence of an External Electric Field on the Adsorbing 
Power of @ Semiconductor (o vliyanii vneshnego elektricheskogo 
polya na adsorbtsionnuyu sposobnost' poluprovodnika) 


PERIODICAL: Doklady Akademii Nauk SSSR, 1958, Vol. 118, Nr 5, pp- 980-982 
(USSR) 


ABSTRACT: Here the authors designated the increase and the decrease of 
the adsorbing power in an electric field as electroadsorption 
and electrode adsorpticn, respectivdy- The present work aims 

at the estimation of the experimental possibility of the ob- 
servation of this effect; this depends on the change of pres- 
sure in the reactor at the application of an electric field 
and on the field strength. The authors here investigate an 
adsorbent of the shape of a semiconductor plate of a thickness 
2L in the direction of the x-axis and with sufficiently great 
measures in the direction of the y and z-&xisi. The adsorp- 
tion of molecules to which the local surface levels E cor- 

Canaat/4 respond takes place on the plane x = + L. For reasons of ex- 
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actness the authors investigated the adsorption of acceptor 
molecules on a semiconductor of the n-type. The crystal is 
assumed to be in an outer homogeneous electric field of the 
field strength F directed vertically to the surface of the 
crystal. The following is assumed in order to simplify the 
computation: a) the thickness of the crystal is much greater 
than the length of acreening 1. b) the distribution of elec- 
trons is Boltzmann-like on all energy levels in the volume 
of the crystals c) surface zones are lacking; d) there exist 
only two kinds of bindings of the adsorbed molecules on the 
surface, namely, "weak" and "solid" acceptor binding. The 
schemes of the energy levels in the case of the lacking and 
of the presence of an electric field are illustrated on a 
diagram. The crystal is located in a reator with the con- 
stant volume v, which is filled by a gas with the pressure 
p.. After the application of the field F 823 pressure assumes 
the value p. The problem consists in determining the depend- 
ence of the quotient p/p on F. The expression obtained for 
this quotient from the equation of state of the ideal gas 
Cerd—2 ft is given here. In the case of a lacking field most of the 
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adsorbed molecules are in thestate of the "weak" binding on 
the surface. The expression for p /p? corresponding for this 
case is given here. Then p /? > 1, i-e. in the case of the 
model selected here only electroadsorption is possible. The 
authors especially investigated the case p/P >>1 which 
corresponds to a strong effect. The dependence of the quo- 
tient p fo on F is given explicitly. A numerical evaluation 
is given at the end of this paper. There are 1 figure and 

5 references, 5 of which are Soviet. 


Institut fizicheskoy khimii Akademii nauk SSSR 
(Institute for Physical Chemistry AS USSR) 


July 25, 1957, by N. N. Semenov, Member, Academy of Sciences, 
USSR 


July 18, 1957 
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AUTHORS : Vol'kenshteyn; RF. F., Kogan, Sh. M.- 
TITLE: Influence of the Illumination on the Adsorptive Capacity and 


Catalytic Activity of Semiconductors 


PERIODICAL: Javestiya Akademii nauk SSSR. Otdeleniye khimicheakikh nauk, 
1959, Nr 9+ PP 1536-1549 (USSR) 


ABSTRACT: The adsorptive capacity of a semiconductor is expressed by the 
number N of the molecules aasorbed with the ges on the surface 
under conditions of equilibrium. This number varies at irradia- 
tion with rays which may be absorbed by the absorbent. The fol- 

lowing studies jn this field are quoted: gmerenin (Refs 2,6)» 
Myasnikov (Ref 5)> Pshezhetskiy (Ref 5)> Solonitsyn (Refs 641)» 
Kiselev; Krasil'nikov; Sysoyev Ref 8)- A variation of N can be 
determined by changing the pressure in the adsorption space 
when turning irradiation on and off. In this case photo-ad- 
sorption and photo-desorption may occul’, irradiation, however, 
can also remain inactive- The conditions for the possible three 
reactions are mathematically developed by means of the electron 
theory of semiconductors: Adsorption aad desorption may occur if 

Canasta light causes a chemical change of the adsorbent, an apparent 
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chemical change, if light causes @ change in the adsorbed 
molecule. The electron-theoretical investigation is curried out 
on the example of an acceptor gas and free lattice electrons. It 
was further assumed that adsorption is represented by solidly 
pound particles and desorption only by weakly bound particles. 
The adsorptive capacity “N" may be expressed by the probability 
un" with which a particle is in a solidly bound state on the 
surface of the molecule. Irradiation causes a change in 7> 
Photoadsorption occurs with an increase of ¥Y; desorption with a 
decrease of n (Fig 2). Value y is introduced, which represents 
the change of n, in the case of y > 7 an aisorption, in case of 
y¥< 1a desorption occurs; when y = 1, however, the surface re- 
mains: inactive. Finally, Y is calculated as a function of the 
change of the free electrons and holes of the semiconductor 
surface lattice. This function is dependent on frequency and in- 
tensity of the irradiated light. V. Ye. Lashkarev (Ref 13); 

vy. P. Zhuze, and S. M. Ryvkin (Ref 14) are mentioned. There are 
3 figures and 21 references, 15 of which are Soviet. 
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report submitted for the Second International Congress on Catalysis, Paris, 


4-g July 1960. 
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Vol'kenshteyn, Fedor Fedorovich 

Er ae 

Elektronnaya teoriya kataliza na poluprovodnikakh (Blectronic Theory of 
Semiconductor Catalysis) Moscow, Fizmatgiz, 1960. 187 p- 10,000 copies 
printed. (Series: Fizika poluprovodnikov i poluprovodnikovykh priborov ) 


EBa.: Ye. B. Kuznetsova; Tech. Ed.: A. P. Kolesnikova. 


PURPOSE: ‘This book is intended for physicists and chemists working in the 
field of catalysis, and for physicists concerned with semiconductors and 


the mechanism of their catalytic effect. 


COVERAGE: The book is based on lectures delivered by the author at the Division 
of Chemistry, Moscow University, at the Jagiellofiski University (Poland) 
and at the University of Paris. It presents in concise form the present 
state of the electronic theory of semiconductor catalysis, emphasizing the 
physical rather than the mathematical fundamentals. The author thanks 
V. L. Bonch-Bruyevich and 0. A. Golovina, who reviewed the book. Tere 
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- . Akedemiya nauk SSSR. Institut pi zicheskoy khimis 


Problemy kinetikt 4 kataliza. {tJ} 10: Fizika i fiziko-kniniya kataliza 
(Problems of Kinetics and Catalysis. {vol.] 10: Physics and Physico- 
Chemistry of Catalysis) Moscow, Iza-vo AN SSSR, 1960. 4,61 p- Errate 


EBds.: Sele Roginskly, Corresponding Member of the Academy of Sciences USSR, 
and 0.V. Krylov, Candidate of Chemistry; Fd. of Publishing House: eLe 
Bankvitsers Tech. Ed.: GeA- Aste? tyevae 


PURPOSE: This collection oP articles is addressed to physicists and chemists 
and to the comunity of scientists in general iuterestedl in recent 
research on the physics and physical chemistry of catalysis. 


COVERAGE: The articles in this collection were read at the conference on the 
Physics and Physical Chemistry of Catalysis orgenized by the Otdel khimicheskikh 
nauk AN SSSR (Section of Chemical Sciences, Academy of Sciences USSR) and by 
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the Academic Council on the problem of "the scientific bases for the selection 
of catalysts." The Conference was held at the austitut fizicheskoy khimii AN 
SSSR (Institute of Physical Chemistry of the AS USSR) in Moscow, March 20-23,1958. 
of the great volume of material presented at the conference, only papers not 
published elsewhere were included in’ thi8 collection/ The conference decided 
not to publish the discussion material. Papers by the following authors were 
excluded and replaced by a brief author's abstract: F.F. Vol'kenshteyn, "Sur- 
face Charge of a Semiconductor During Adsorption", M.M. Kogan and V.B. ; 
Sendanirskiy, two papers; Sh.M. Kogan, "Statistics of Adsorbed Particles in 
the Electron Theory of Chemisorption"; F.F. Vol'kenshteyn and Sh. M. Kogan; 
F.F. Vol'kenshteyn and V.B. Sandamirskiy; G.A. Korsunovsicly; A.M. Rubinshteyn, 
V.M. Akimov and A.A. Slinkin; L.Kh. Freydlin; V.N. Filimonov and D.S. Bystrov. 
The following two papers do not appear in any form in this collection because 
the authors did not forward the abstracts requested: M.I. Temkin, E.I. Tsybina 
and A.I. Gel'bshteyn," Kinetics of Catalysis of the Vapor Phase Hydration of 
Acetylene by Electron Vapor Acceptors"; A.A. Babushkin, "Spectroscopic Investi- 
gation of the Structure of the Molecular Compounds of Boron Trifluoride With 
Nitrogen and Oxygen-Containing Molecules".Addresses to the conference by E. Kh. 
| Yenikeyev_aud Ya.B. Gorokhovatskiy, are included in tne form of brief comnuni- 
cations. They cover the results of recent experimental research which could 
“Ff. not be considered discussion material. A number of papers and communications, 
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SOV/3921 
for the most part dealing with problems in the pre 
turned over for publicati 


paration of catalysts, were 
on to the "Zhurnal fizicheskoy kaimii"™, 
Of several foreign researchers woo 


Voyevodskiy,, Correaponding Members 
of the AS USSR, for valuable suggestions duri 
tion. There is a bibliography of Soviet and non~Soviet sources at the end of 
each article. 
TABLE OF CONTENTS: 


From the Rditors 


T. 


3 
CATALYSIS OVER SEMICONDUCTORS 
Roginskiy, S.Z. [Institute of Ph 


ysical Chemistry AS USSR]. Electronic Factors in 
Semiconductor Catalysis and Rules in the Selection of Catalysts 
Cande3/27 


rer. [Institiite or Physical Chemistry AS” USSR]. Present State 

of the Electron Theory of Catalysis Over Semiconductors 

Koutecky » Je [Czechoslovak Academy of Science, Institute of Physical 

Chemistry, Prague]. On the Theory of Chemisorption and of Surface States p> 
= - 1860510017-2" 

4 : 08/09/2001 CIA-RDP86-00513R00 
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Conductivity of Semiconductor Catalysts 
Vol'kenshteyn, FF. 
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37 

hte; {Institute of Physical Chemistry AS USSRJ. Surface 

Charge of a Semiconductor During Aesorption 50 
Kogan, Sh. M. [Department of Physics of Moscow State University]. Effect of 
Dispersion. on the Adsorptive Capacity of a Semiconductor 52 
Kogan, Sh. M., and V.B. Sandemirekiy [Department of Physics of Mcsccw State 
University, Institute of Physical Chemistry AS USSR]. Isotherms and Adsorp- 

tion Heats in the Electron Theory of Chemical Adsorption 58 
Kogan, Sh. M. [Department of 
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. Voltkenshteyn, FeF., and Sh. and Sh. M. Kogan [Institute of Physical Chemistry 
AS USSR, Department of Physics of Moscow State Uriversity] Effect of Iilumina- 
tion on the Adsorptive Capacity and the Catalytic Activity of @ Semiconductor & 


Voltkenshteyn, F.F-, and V.B. Sandomirskiy [Institute of Physical Chemistry 


AS USSR]. Effect of an External Electric Field cn the Adsorptive Capacity 
of a Semiconductor 61 


Kogan, Sh. M., and V.B. Sandomirskiy (Institute of Fhyzical Chemtetry AS 
USSR, Department of. Physics of Moscow State University]. Measurement of 
Contact Potential of a Semiconductor ag a Method of Detecting the Various 
Charge States of Particles Adsorbed on it 62 


Popovakiy, V.V., and GK. Boreskey (Mcsxovskly khimixc-tekhn siogicheskiy 
inetitut imeni D.I. Mendeleyeva(Mozcow Chemical Technelogy Inatitute imeni 
D.I. Mendeleyey]. Catalytic Activity of the Metal Oxides of the Nth Period 


in Relation to tae Oxidation Reaction of Hydrogen 67 
Keyyer, N-P. [Institute of Physical Chemistry AS USSR]. Nature of the 
Heterogeneity of the Active Surface of Semiconductor Contacts 73 
Card 5/17 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860510017-2" 


LBEPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860510017-2 


Soa: Bieg SeREH KER SUL Se 


$/195/66,/001/C01/'6C1/C6 


BO15/B06C 
AUTHOR: Vol'kenshtayn, ff. F. 
TITLE: Basic Concepts of the Electron Theory of Catalysis on 
Semiconductors 
PERIODICAL: Kinetika i kataliz, 1960, Vol. 1, No. 1, pp. 52-44 


TEXT: The present article is the reproduction of a lecture read at the 
_Second_International Congress for Catesys’s and is a synopsis of the 
present state o @ electron theory of catalysis on semiconductors, 
with special regard to the research work done by the author and his 
collaborators. The main results of the theory and certain conclusicns are 
given, but the mathematical part of the theory is not discussed. A more 
detailed survey has teen supplied by the author in Vol. 12 of “Advances 
in Catalysis". In the present article, the results are discussed in the 
following sections: the electrically neutral and the charged forms of 
chemosorption; valency-saturated and radical forms cf, chemosorption; 
transitions among the various forms of chemosorptior.;] equilibriua tLetween 
the various forms of chemosorption. The adsorption properties of "AB 
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surface; the catalytic activity of the surface; the part played by the 
Fermi level. Since the position of the Fermi level, which appears in 4ll 
equations of the electron theory, is of special importance, several 
conclusions are made in this respect. Following the results of the 
electron theory, the conclusions drawn therefrom are discussed in the 
following sections: effect of chemosorption on the electrical conductivity 
ard work function; relationship between surface and volume; correlation 
between catalytic activity and electrical conductivit;; effect of ad- 
mixtures on the catalytic activity; effect of illumination on adsorbability. 
The author points out that the electron theory of catalysis can by no 
means be regarded as final. It does not compete with the other theories 
of catalysis from which it differs by its problems, since it studies the 
elementary (microscopic) mechanism of phenomena and proceeds from this 
point. S. Z. Roginskiy, A. N. Terenin, V. I. Lyashenko, I.4. Myasnikov, 
and N. P. Keyer are mentioned in the text. There are 7 figures and 17 
references: 15 Soviet, 2 US, 2 French ani 1 German. 

VB 
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5 4300 
AUTHOR: Vol'kenshteyn, F. F.,; Doctor, Professor 
TITLE: The principles of the electron theory of semiconductor 
catalysis 
PERIODICAL: WiadomoSei chemiczne, V- 44, no. 11 (161), 1960, 675-691 


TEXT: The author gives 4 short survey of the present state of the electron 
theory of semiconductor catalysis. He refers to his more zomprehensive 
study in nadvances in Catalysis"; Vol. 12. The present paper was translated 
into Polish by: Jerzy Deren, Doctor, Docent, and Jerzy Haber, Doctor, 
Docent, both Katedra Chemii Nieorganicznej Akademii Gorniczo-Hutnicze) W 
Krakowie (Department of Inorganic Chemistry of the Academy of Mining- anc 
Metallurgy, Krakow). A paper by W. Romanowski, Doctor, appeared in this y 
periodical, 1956, Vol. 10, D- 439 is recommended as introduction for the 
present paper. The author lays special emphasis upon the problems which he 
himself and his collaborators have studied. He lists two tasks of the 
afore-mentioned theory: 1- The discovery of the mechanism of electron 
processes to which, in the long runs every chemical reaction (alse a 
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As long as the mechanism of 


individual elementary acts of catalysis is not clarified, the science of 
the mentioned processes will remain empirical. 2. The catalytic properties 
of semiconductors are closely linked with the electron processes both in 
the interior and on the surface of semiconductors. Since there must be an 
interrelation between the electron properties of a semiconductor and its 
catalytic properties, electron theory tries to discover the relations 
between these two groups of properties. The author meritions the inventor 
of the mentioned theory, L. W. Pisarzhevskiy (1916) and the following 
Soviet researchers: S. Z. Roginskiy, A. N. Terenin, W. I. Lyashenko, and 
I. A. Myasnikov as well as non-Soviet researchers. Modern electron theory 


is based (in the author's view and 
quantum-mechanical solution of the 
between a foreign particle and the 
problem is solved by way of simple 
by way of more complicated cases. 

matical part and the discussion of 
subdivided as follows: 
subdivided into: Various forms of 
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problem concerning the interaction 
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examples and, subsequently, generalized 
The author neglects the entire mathe- 
the experimental data. The text is 
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particles with saturated valencies as well as of radicals, passing over 
from one form of chemosorption to another, equilibriur petween these forms, 
adsorptive power of the surface, the capability of the surface of catalysis, 
the role of the Fermi level. The next chapter: "Some Important gonclu- 
gions" contains the following sections: Effect of chemosorpticn upon the 
electrical conductivity and upon the work function, interaction between 

the surface and the interior of 6 crystal. Relation between the catalytic 
activity and the electrical conductivity, effect of admixtures upon the : 
catalytic activity, effect of light upon the adsorptive power. Pinally 

the author describes the present state of this theory as follows: The 
electron theory proves that both free electrons and semiconductor holes 
take part in the formation of chemosorptive bonds: the electrons and holes 
play the part of free valencies, jin which case the strength of bonds and 
the reactivity of the chemosorbed particles depends on the degree of parti- 
cipation of electrons and holes. Therefore, the Permi level occurs in all 
formulas of the electron theory. The catalytic and absorption properties 
of the semiconductor surface aré, by the Fermi level, closely linked with 
the state of the crystal as 4 whole. As this paper shows, the electron 
theory may be interpreted in three ways: a- By illustrative models; b- BY 
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using the valencies lines, e.g-, when describing the chemical part of the 
phenomena (Figs. 2 and 3); c. On the basis of the energy zone scheme with 
the aid of which the electron mechanism of the phenomena is studied me 
(example: Figs. 4a and 7)- The author emphasizes that each problem may 

be illustrated by one of the mentioned models. In his opinion, the theory 
cannot be regarded as complete. He states furthermore that this theory 

does not compete with any theory of catalysis. It differs by the manner in 
which the problem is posed. The electron theory seeks to approach the 

problem by detecting the elementary mechanism of the phenomenon. The 

relation between the existing phenomenological theories on the one hand, 

and the electron theory on the other, is the same a8, OQ. Bog that of the 

theory of the chemical bond of the nineteenth century, which exclusively 

used valency lines and the modern quantum-mechanical theory of the pond. 

It was the modern theory which gave the valency lines their physical sense, 
thus discovering the physical nature of the chemical rorces: There are 

7 figures and 19 references? 17 Soviet-bloc and 2 non-Soviet-bloc. 
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ASSOCIATION: Institut fizicheskoy khimii Akademii nauk. SSSR (Institute of 
Physical Chemistry of the Academy of Sciences USSR). iioskovskiy 
gosudarstvennyy universitet im. M. V. Lomonosove (Moscow 

State University imeni M. V- Lomonosov) 


SUBMITTED: June 6, 1960 
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Legend to Fig. 4a: A - donor level ; 
D - acceptor level. 
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41/00 1355 5/076/60/034/009/0 12/022 
5 Lau ob po 15/3056 
AUTHORS : Vol'kenshteyn. F. F. and Kogan, Sh. M. 
TITLE: The Concept of the tQuasi-insulated" Surface in the Theory 
of Chemisorption 
PERIODICAL: Zhurnal fizicheskoy khimii,; 1960, Yole 34, No. 9s 


PP. 1996-2004 


TEXT; This is a discussion on ee a which the surface states * 
have a denser structure than the interior of the vody, which is the c4s9 

if the semiconductor has a real and not an idealized gurfacee Besides, the 
concentration of the electrons and holes which are Zecalized on the sur- 
face, may be very high. It is shown in this case the position of the 

Fermi level Fe on the crystal surface is independent of the positicn of 


the Fermi level Fy jn the interior of the crystal, which means thas also 


the chemisorttion- and catalytical properties of the semiconductor surface 
are independent of the electronic properties in the interior of the 
orystal. Surfaces of this kind are described by the authors 2s 


card 1/2 


APPROVED FO : 
R RELEASE: 08/09/2001 CIA-RDP86-00513R001860510017 
-2" 


CIA-RDP86-00513R001860510017-2 


pL GRGTE ET g 


8259 
The Concept of the "Quasi-insulated" Surface $/076/60/034/009/612/022 
in the Theory of Chemisorption BO15/B056 


"quasi-insulated", and occur whenever the absclute value of the difference 
between the positive and negative charges localized on the surface is 

small in comparison to their sum. In the case of "quasi-insulated" sur- 

faces, the influence of the erystal impurities upen the chemisorption - 

and catalytic properties vanishes, and only the structure of she surface 

is significant, Several specific properties of the "quasi-insilated" sur- 

face are explained, and three types of surfacelstates ara mertioned, 

which lead to a "quasi-insulated" surface. There are ! figurs and 10 
references: 9 Soviet and 1 US. Xx 


ASSOCIATION: Akademiya nauk SSSR Institut fizicheskoy khimii (Institute 
of Physical Chemistry of the Acade of Sciences USSR). 
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AUTHOR: Vol'kenshteyn,-F.F. 
TITLE; Influence of jonizing radiation on the adsorption and 


catalytic properties of semiconductors 
PERIODICAL: Kinetika i kataliz, v2; no.4, 1961, 431-489 


TEXT: In this article the effect of ionizing radiation on the 
adsorption and catalytic properties of semiconductors is examined 
in the light of the electron theory of chemisorption and catalysis. 
The mechanism by which the radiation influences the adsorption 
equilibrium, the kinetics of adsorption and the rate of catalytic 
reaction is analysed and is derived directly from the general ‘ 
concept of electron theory. The dependence of the radiation 
effect on temperature and pressure and on the history of the 
sample is considered. The effect of radiation or catalytic 
processes and adsorption has been well established by experimental 
work over the iast few years but the mechanish remains unknown. 
The present article is limited to establishing some general Jaws 


derived from electron theory. The following three effects are 
obtained during irradiation: (a) direct ionization, (b) change cf 
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degree of disorder in the lattice and (c) nuclear reactions. 

All these give rise to a change in the concentration of free 
carriers. In the first of the three cases, this change is due to 
non-equilibrium carriers and, in the other two cases, to 
displacement of the electron equilibrium, The first effect 
disappears when irradiation ceases, the second may be considered az 
due to sample heating. The third effect is irreversible and arises 
from the introduction of chemically foreign impurities. According 
to the electron theory of catalysis and adsorption, the free 
carriers participate directly in chemical processes at the surface. 
The carriers behave as free valence electrons and thus the 
concentration change gives rise to a change in adsorption and 
catalytic properties. Electrically, the surface particle may be 
neutral or negatively or positively charged, exhibiting 
correspondingly different bond characteristics, bend strengths and 
reaction ability. The various reaction abilities depend upon 
whether the state is valence-satisfied or involves radicals or 
ionic radicals. The expressions for the relative concentrations 
of these states in the unirradiated condition are written down for 
equilibrium, The negative- and the pesitively-charged particles 
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are considered as localized acceptor and donor levels respectively. 
The expressions have been given by the author in Ref.1 (The 
electron theory of catalysis in semiconductors, Fiumatgiz, M., 
1960) in terms of the difference between the levels and the 
conduction or valence bands and the Fermi level at the surface, 
Some simple expressions are then written down in terms of the 
carrier concentrations in the presence and absence of irradiation. 
In these expressions, the relative numbers of particles in the 
three states of the radiated sample are related to those in the 
unirradiated sample, If the condition before equilibrium is 
considered, quasi-Fermi levels must be introduced, These 
derivations have either been obtained by the author in previous 
work (Ref.l: as quoted in text and Ref.3: Izv. AN SSSR Otd. khim, 
no, 1959, 1536) or may be derived by analogy, It is shown that 
irradiation gives effects equivalent to displacement of the 
localized acceptor and donor levels in the energy scheme, The 
amount of the displacement depends on the position of the level in 
the energy scheme and on the conditions of irradiation, The 
change in the adsorbing properties of the surface during 
irradiation is indicated by a change in the pressure AP in the 
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volume of the phase being adsorbed when the radiation is applied. ; 
“iP is related simply to the change in the total mumber of me 
particles in the equilibrium conditions of the sample with and 

without irradiation. It is shown that the sign and relative 

magnitude of AP depend on the position of the Fermi level an the 
original, unirradiated sample, The point at which the change of 

sign occurs - the change from desorption to adsorption or the 

reverse ~ is dependent on the conditions of irradiation, This 

simple treatment can be used to interpret the results given by. 
Y.Fujita, T.Kwan (Ref .4: Bull. Chem, Soc. Japan, 31, 379, 1958) 

and by A.N.Terepin, Yu.P,Solonitsyn (Ref.5: Disc. Faraday Soc., 

v.28, 28, 1959). In general, the change of adsorbing properties 

due to irradiation depends on the nature of the radiation, on the 
pressure of the gaseous phase, on temperature and on the previous 


history of the sample. All these factors are evident from the 
analysis. For simplicity. only a small degree of filling of 

the levels is assumed, an assumption made in the analysis of the 
kinetics of adsorption. Here expressions are derived for the 
pressure in the volume of particles being adsorbed: the pressure 
is given as a function of time and in terms of the number of 
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particles adsorbed, The relative numbec of neutral particles 


js the ratio of neutral particles to the total number of particles. 

The ratio is assumed to be independent of the pressure which 

implies that the change in surface charge due to adsorption may be 
neglected and is due only to non-adsorption processes. A similar 
exponential expression is quoted for the irradiated case, The 
subsequent analysis is restricted to the case of acceptor 

particles. It is shown that the sensitivity of the kinetics ~ 

the variation of pressure with time - can be varied by the impurity 
content of the sample, which determines the position of the Fermi 
level. In addition to this simple case, where adsorption 

commences at a time t = 0, the article considers adsorption on a 
sample which first remains unirradiated up to time t1, after X 
which the radiation is applied until t = to and then ceases. 

In Fig.4 the curves of pressure of the phase being adsorbed are 

plotted as functions of time in some typical experiments of this 


type. Similar curves are observed experimentally. The dotted 
lines correspond to behaviour in the absence of irradiation. 

Note that the subscript "o" denotes absence of irradiation. The 
light lines denote continuous irradiation from t = O to t= wh. 
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The various cases correspond to differing initial conditions of the 
Sample, the position of the Fermi level and to the differing nature 
of the irradiation, It is seen that both desorption (Fig.,4a) and 
Slowing down of adsorption (Fig.4 &) are possible on commencing 
irradiation and that the effects may be reversible (Fig.4@) or 
irreversible (Fig.4 @), The time at which the radiation is 

applied is also important, For catalytic effects the case of the 
oxidation of CO is considered, Again the analysis of Ref.1 is 
quoted for donor- and acceptor~type actions, giving expressions for 
reaction rates in terms of the Fermi level position and the leveis 
corresponding to the molecule CO9 and the atom O, The irradiation 
conditions and the position of the Fermi level in the irradiated 
Specimen can enhance or reduce the reaction rate, but the ratio of 
the partial pressures of O2 and CO enter as a further variable. 
Again the experimental results can be discussed qualitatively in 
terms of this model. Impurities in the semiconductor affect 
catalysis: this action can also be described by the same model, 

All the phenomena discussed depend on a parameter which is a function 
of the acceptor energy level, the initial Fermi level and the quasi 
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Fermi levels for holes and electrons arising during irradiation. 
A similar parameter is required for donor-~like particles. At no 
stage in the paper is a quantitative evaluation attempted, Among 


the effects ignored is the possibility of impurities diffusing from 
the semiconductor bulk towards the surface and reacting with the 
adsorbed ions, There are 5 figures and 10 references: 5 Soviet- 
bloc and 5 non-Soviet-bloc. The four most recent references to 
English language publications read as follows: 

Ref.4: as quoted in the text; 

Ref .6: T.I.Barry, Report on the Second International Congress on 
Catalysis, Paris, 1960; 

Ref.7: F.Romero-Rossi, F.S.Stone, Report on the Second 
International Congress on Catalysis, Paris, 1960; 

Ref.10: T.I.Barry, F.S.Stone, Proc. Roy. Soc., A255, 124, 1960. 
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shkole; trudy. Moskva, Izd-vo Mosk. univ. No.l. Pt.2. 1962. 
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“AUTHOR: Vol'kenshteyn, F. F.; Karpenko, I. v. 
TITLE: Theory of photoadsorption effect on semiconductors [Report. at the Conferene 


on Surface Properties of Seniconductors, institute of Electrochemistry, AN SSSR; 
“Moscow, 5-6 June 1967] ae o ; A 


- SOURCE: Poverkhnostny*ye svoystva poluprovodnikov. Moscow, Izd-vo AN SSSR, 1962, 
414-127. es oa _ 


“TOPIC. TAGS: semiconductor, semiconductor theéry, photoadsorption effect 


_. -ABSTRACT:. A further development is offered of the theory of photoadsorption : 
-peffect, (variation of adsorbability with “Gis wey Specifically, a criterion 
~: As established which determines the sign (plus-minus) of photoadsorption effect 

ous “under. various conditions: adsorbent and adsorbate nature, pressure, temperature, | __ 
»\»Speeimen prehistory, ete. The Sign depends on the position of the Fermi level ani 

“:/0n the degree of: band bending. The theory is checked against. the published ; 

. experimental data obtained by F. Romero-Rossi, F. S. Stone, T. I. Barry, Y. Fujita, 
. of, Kwan, A. N. Terenin, Y. P. Solonitzin, and others. Orig. art. has: 2 figures 
and 22 formulas. A 2 ; eae 
oo ) ASSNs INSTITUTE OF PHYSICAL CHEMISTRY, AN SSSR; MOSCOW STATE UNIVERSITY. 
Card tle, ep ae, Ue : 


APPROVED FOR RELEASE: 08/09/2001 CIA-RDP86-00513R001860510017-2" 


CIA-RDP86-00513R001860510017-2 


; L 18992-63 ; EPF (c) /EWT (1) /EWP(q)/BW2(m) /BDS AFFTC/ASD/ESD-3/ 
CTUP(C) Pro’  GG/RM/WW/JD/MAY/SFW/3G nn en oY 
f | ACCESSION NR: AT3002452 $/2935/62/000/000/0179/0192 TO | 


1 
i oe 73 
| | AUTHOR: Volikenshteyn, Fs =>? Gorban!, A, N.3 Sokolov, V. A, 


awa ater 


| 


and their role in luminescence | Conference on Surfacd Propertieg of Semiconductors, 
: trochemist , Moscow, 5~6 June, T96T | 


» 
| TITLE: Processes of recombination of free radicat/on a semiconductor mutica | 


% 
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| SOURCE: Poverkhnostnyye svoystva poiuprovodnikov. Moscow, Ind-vo AN SSSR, ; 
| 1962, 179-192 

i 
| TOPIC TAGS: semiconductor, semiconductor~surface characteristics, 
| luminescence, surface recombination | 
| 


“en atlantis 0 Be inl hnieglnee wR DR ROT ah tee MS 


' ABSTRACT: On the basis of the electronic theory of chernosopption and catalysis, 

_ the radical~recombination mechanism of luminescence is examined, as well as | 

| gome consequences ensuing from that mechanism. <A theoretical and experimen~ am 
| tal investigation is reported of the effect of an external transverse electric field 


| upon the intensity of candoluminescence. Luminescence is considered as ae 
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i 
eoawtating of two atepa: ionization and neutralization of an activator atom; the 
accompanying phenomena are explained and pictorially represented. A new 
| formula describing the intensity of luminescence is developed, and the effect of 
| the Fermi level on the intensity is investigated. The effect of the electric field 
on candoluminescence was studied in a special device on a ZnS-CdS ‘copper - 
| 
| 
| 
i 
| 


Cn aoe 
‘eemcn om 


activated phosphor placed in a low-temperature lighting-~ga amfik\nie) Potentials 
-2kv and +2kv were applied to the electrodes producing the electric field in the 
phosphor zone, and the variation in the luminescence intensity was measured. 
The experiments are interpreted as corroborating the probability of the radical- 
recombination mechanism. Orig. art. has: 7 figures and 26 formulas. 
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TITLE: Be aan Galle catalytic properties of semiconductor fill on 


-metal [Conference on Surface Properties of Semiconductors, Institute of Electro- 
| chemistry, AN SSSR, Moscow, 5-6 June, 1961] 


SOURCE: Poverkhnostnyye svoystva poluprovodnikoy. Moscow, Izd-vo AN SSSR, 
1962, 192-206 

i 
TOPIC TAGS: chemosorption, semiconductor, catalysis, semiconductor -coated 
metal 


ABSTRACT: Since many metals are aiwaya coated with a Sdesteeoseuaus film, * A 
chemosorption and catalytic processes actually transpire on the surface of a 
semiconductor. A theoretical investigation is offered of these processes. A 
rather thick semiconductor film that does not contain surface states and a posi- 


i 
i 
tive contact potential di‘ference are assumed; four energy schemes are 
; } 
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fconsidered. Qualitative properties of the film adsorbability and its catalytic 


| activity are described by a set of differential equations, The effect of the film 
' thickness on the work function is explored. It is found that: (1) Witha specified : 
| nature and thickness of the film, its adsorbability with respect to a donor 
| (acceptor) gas will be higher (lower) with a higher work function of the underlying: 
| metal, irrespective of the sign of the surface charge on the film; and (2) A 
_; Similar relation exists between the catalytic film activity and the donor 
/ | (acceptor) reaction. Orig. art. has: 3 figures and 36 forrnulas. 
$ { 
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AUTIIORS : Vol'kenshtcyny, fF.F., and Karpenko, 1.V- 
TITLE: On the theory of the photoadsorption effect in 


semiconductors 
PERLODICAL: Kinetika i kataliz, v-3, now, 96S Pero 


TEXT: The exposure of semiconductors to light sometimes 
stimulates a change in the adsorptive capacity of the surface; 
in some cases there is an increase in adsorptioa and in others 
a decrease. The existing experimental data appear to be 
inconsistent, but in this paper a theory is advanced, based on 
the electronic theory of chemisorption, which explains thesc 
positive and negative adsorption effects. The concentrations 
corresponding to free electrons and holes in the surface of a 
semiconductor are represented by "os and Pos in the absence 
of light and the corresponding changes in concentration 
stimulated by exposure to light are Ans and MPs- The authors use 
the expression: 
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On the theory of the photoadsorption. .-143976136 ; 
Ba, Pos Dn ae 
{245 i - exp \ (e - Ms + v)/KT ; - 1 (1) 
os —Ps ms 


where the meanings of the values €, Vos and v are evident 
from Fig.1, which represents an energy diagram for a semiconcuctor 
with a negatively charged surface. The line Fr is the Fermi 

level in the non-illuminated condition. A is the local surface NM 
level (acceptor and donor) representing adsorption of particies. ; 
The sign of the photoadsorption effect depends on the sign of 


y, and the problem reduces to a calculation of the quantitics 
On, and 4&Ps- The final expressions obtained are: 
A , (a / 
ny = (I. + J) af Dd, exp (- Vog/?) 
aa : (18) 
Ap, = (Io + sof Zz exp (+ V,./kT) 
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where I, is the intensity of the light. It is 


Shown that the 
sign of y is determined by the sign of 


y where 


yp =e + Vig - Vv (19) 
Hence we have: 
(a) For acceptor particles; 
Positive effect (photoadsorption) if o Zo, j 
Negative effect (photodesorption) if o va. H 
: 2055 
(b) For donor particles: : (26) 
Positive efrect (photoadsorption) if o DO, 
Negative effect (photodesorption) if o <O. 


The results are discussed in detail and the theory compared with 


experimental data; in particular for the case of adsorption of 
oxygen on zinc oxide, The sign of the effect depends on the va 
pressure, temperature and also the presence of excess zinc in the 
ZnO samples, There are 5 figures. 
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TITLE: The chemisorption and catalytic properties of 


semiconducting films on metals - 
PERIODICAL: Kinetika i kataliz,.v.3, no.5, 1962, 712-723 


TEXT: The case of a metal covered with a plane parallel film 
of uniform semiconductor (e.g. its oxide) containing donor and 
acceptor centres uniformly distributed throughout its volume is 
treated theoretically. Energy diagrams are given for coatings 

with a thickness L greater than the screening length and for 

the case when L < ? with a net positive or negative surface 

charge. Owing to mathematical difficulties only the sign of the 
following derivatives is determined -for .the. various conditions: 


: (dg/dL) 


(de/dX ) 


(7) 


Pp, T, X af 


P, Ts, L 
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E039/E135 
(a0/80) eg = ARON S0) (de/aL), 7, x : a 
a2 p ; 
(de/dX) op, LF paerael T . (de/aX) tT, L 
—_— ) rae 
(dg/al) op, x = (48/90) D, 2° (de/dL), rp, x i: a V 
(dg/dX) ie See (dg/de) Tt’ (de/9X) | oe © J ; 


Heres € is the work function of the film, characterised by the 
position of the Fermi level at the external surface of the film; 
x ia the work function of the metal; e is the adsorptive 
capacity of the rilin; g ‘ig the rate of reaction. It is shown 
that the adsorptive capacity and catalytic activity and 
selectivity depend on the'thickness of the film, Experimental 
verification of this work'is required. It should be noted that 
for L to be less than 2 ‘requires coating thicknesses of less 
than 10-4-10-5 cm and for the coating to be' considered as an 
independent phase L must be greater than 107° cm. 

There are 3 figures. 
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hat. can‘ be adsorbed per unit 


2 maximum number of atoms t 
b- adsorption ‘coefficient 


where oN: 
> gurface, P = partial gas pressure, 
depending on. temperature ae e - energy level above the Fermi 


’ level,- to. which a surface electron is raised after a recombination | 


act, Ve ‘total energy of the lattice electron. "At' PBX, | 
Ey = Ve The condition favorable for the radical-recombination | 


‘Maineaconce is. ek eM (26) where 


v= - wt desl = ] 


aoa . ‘1 * fe oe : fe 
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| ABSTRACT: ‘A mechanism of radical-recombination lurinescence is proposed, and an 
experiment conducted to confirm aspects of the theory of semiconductor lumines- 

| gence 4s described, The work was performed to supplement. the authors! earlier 
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| nescence, Radicals of hydrogen and air were formed by electric discharge (+5 kV) 
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; ae ZnS and CdS-Cu phosphor, The experimental results confirmed qualitatively 
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| ABSTRACT: The authors attempt a theoretical treatment of the photoadsorption 
| effect and present a discussion which is an extension of their previous work on 
| the same topic (Kinetika 1 kataliz, 3, 72, 1962). The discussion da based on the |-— 
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tion is considered from the standpoint of the electronic theory (fF, F. Vol'kenshteyn, 
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ABSTRACT : Although ssaraloiant aceeeis ~ luminescence under the influence of a flame 
has been questioned for Many years, the authors assert that the existence of this 

Phenomenon has definitely been proved. The mechanism of candoluminescence was hypo~ 
thetically developed by one of the authors (F.F.Vol *kenshtein, Elektronnaya teoriya 
kataliza na POluprovodnikakh, Fizmatgiz, Moscow 1960) on the basis of the electronic 
theory of catalysis and chemisorption on semiconductors and has been discussed and de- 

scribed in other publications by F.F.Vol'kenshtein et al. According to this mechanisa 

excitation cccurs at the expense of the energy released incident to recombination of i 
free atoms and radicals in the flame on the surface of the phosphor. In the present 
paper there are adduced the inferences based on the radical-recombination theory as 
regards the influence of extraneous gaseous impurities on the intensity of cando- 
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